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The energy performance of the existing building stock in cities is poor, placing critical 
and unprecedented demands on global energy supply. Many of the world's cities 
expanded rapidly during an era when energy was cheap and plentiful, creating a 
generation of buildings that fail to achieve even the basic contemporary energy 
consumption targets defined by the American Society of Heating, Refrigeration and Air 
Conditioning Engineers (2009). In 2014 buildings in the United States consumed nearly 
40 percent of the country's energy supply, a share that has risen steadily since 1968 (EIA 
2014). As the planet's ability to safely absorb greenhouse gases approaches its limit and 
as finite resources become increasingly scarce, we are challenged to plan our cities and 
design our structures in a way that responds to these realities. 
This study is about realigning the demand of energy in urban environments to take 
advantage of the excess energy from passive and mechanical sources - it is about mining 
urban heat.  
My interests in this topic lies in the possibility of designing an ecology of urban spaces 
with symbiotic relationships between thermal supply and demand. To this end, the thesis 
begins by mapping the availability of secondary heat from solar radiant sources, and 
building process systems, showing that an estimated 28.285 Trillion British Thermal 
Units (BTU) of heat are available for reuse in New York City -  this is equal to 52 percent 
of the energy produced at the Indian Point Power Station in one year.  If one hundred 
percent of this secondary heat could be captured and reused New York City could save 
up to 182 billion dollars in electricity purchase per year.  
The study explores how zoning and building code could be altered to capture these 
savings, eventually creating cities with net zero secondary heat production.  Design 
proposals for a net-zero secondary heat city include co-location of building uses based 
on complementary heating demand schedules, distribution networks for available low 
grade secondary heat and consideration of viable end uses for this low grade heat, de-
centralizing industries that regularly use large quantities of high grade heat to serve as 
neighborhood hearths of secondary heat production, and establishment of heat sinks by 
neighborhood in the form of open space.  The thesis explores the technical, spatial and 
policy implications of these ideas in selected New York City neighborhoods.  
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INTRODUCTION  
Modern human society is dependent on energy to function. The finite nature of fossil fuels, our 
predominant source of energy, combined with the increasingly prohibitive social, environmental 
and economic cost of their exploitation, calls for a shift in the relationship between humans, our 
built environment and energy. This thesis explores the possibility of using waste heat to partially 
meet existing energy needs in New York City.   
 
How much excess heat is available within our urban environment from anthropogenic and solar 
radiant sources, and how can we avoid wasting it? This research question is predicated upon 
regional studies of urban heat island effect conducted most recently by the Center for Advanced 
Research of Spatial Information (CARSI) and the Department of Geography at the City 
University of New York (2010). The thesis diverges from traditional urban heat island studies by 
proposing to leverage conditions of excess urban heat instead of strategizing to reduce the 
amount of heat absorbed by the built environment through mitigation techniques.  The thesis is 
grounded in the principal of the first law of thermodynamics; energy is neither created nor 
destroyed, but it is only transferred from one place to another. Energy from the sun and energy 
stored in earth, are finite in quantity. This energy cannot be destroyed, but it can be transferred 
into a state or form inaccessible to humans for production. Through addressing the research 
question, this thesis also argues that current levels of energy consumption in cities is a product of 
bad design, and that there are opportunities for secondary and tertiary consumption of heat in 
these dense, dynamic, places of production.  
 
The idea for this study arose from the observation of a simple mismatch in the management of 
heating and cooling inside one building in New York City - a phenomenon that prevails across 
cities and towns the world over. The problem statement described below illustrates one isolated 
example of a missed opportunity in calibrating the demand and supply of energy.  In expanding 
this problem to the urban scale, the thesis asks if we can use changes in zoning and building code 
to align the demand of energy in urban environments with the supply of excess energy from 
passive and mechanical sources. In other words, how can we mine urban heat?  
 
Problem Statement 
By way of example, Columbia University's Graduate School of Architecture, Planning and 
Preservation (GSAPP) 202 Fayerweather computer lab operates 24 hours a day for students. 
Despite the heat generated from the operation of 40 desktop computers, ten laptops and the 
GSAPP central server, all located in this 1000 square foot room, the temperature inside the room 
is consistently a chilling 52 degrees Fahrenheit.  The room is cold because a 24,000 Btu1 air 
conditioner operates non-stop, pushing very cold air into the computer lab to mitigate the heat 
generated by the schools computers.  We, students, wear sweaters and coats when we work in 
                                                            
1 One British Thermal Unit (BTU) is the amount of heat required to raise the temperature of one pound of water by 
one degree Fahrenheit (Engineering-Dictionary, 2015). 
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this room, to mitigate the coolth, or absence of heat2, from the air conditioner. The date is the 
17th of December, the time is 02:00 and the ambient outdoor temperature is 29 degrees 
Fahrenheit. There is one large, 600 square foot window on the east facade of the computer lab, 
but this is window is sealed shut and cannot be opened by occupants. The classrooms flanking 
202 Fayerweather to the north and south are heated by both radiators and forced air ventilation 
shafts with hot air and hot water supplied by the campus district heating and cooling facility.  
 
As shown below (see figure 1), 202 Fayerweather produces enough excess mechanical heat to 
warm not only its own occupants, but the occupants in both rooms adjacent to the lab. The 
earth’s diurnal orbit at 41.7 degrees latitude, a temperature climate with sub zero temperatures 
more than four months of the year, produces enough coolth to mitigate any surplus heat 
generated by mechanical equipment used in 202 Fayerweather in winter months. Yet the 
architecture school and the Columbia University campus at large, were designed in a way that 
prohibits the use of excess geothermal and mechanical heat to meet the heating and cooling 
needs of people.  
Figure 1: Supply and Demand of Heat in 202 Fayerweather Computer Lab  
 
 
Source: original work of author 
                                                            
2 Coolth is a noun used to describe the cool-ness of an or object or space. The term was first used in the 1540's as an 
antonym to warmth, however today the phrase is used by mechanical and building systems engineers (Collins 
English Dictionary 2012).  
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Relevance of the Problem 
Better management of urban heat is important because the future human development depends 
on the long-term availability of energy and its efficient use.  As the share of energy consumed by 
the high density of buildings and transportation infrastructure in United States cities grows, we 
are challenged to plan our cities and design our structures more effectively.  According to the 
U.S. Energy Information Administration, buildings have been the highest energy consuming 
sector in the United States since 1996 (U.S. EIA 2015). Globally, buildings are responsible for 
nearly three percent growth rate in carbon dioxide emissions annually (Levine et al 2007). This 
sector also releases significant amounts of non carbon dioxide, ozone depleting greenhouse gases 
such as halocarbons, Chlorofluorocarbons (CFC), and Hydrofluorocarbons (HFC) due to 
increased demand for cooling and refrigeration (UNEP 2009).  Energy consumption of the urban 
built environment is both a global and a local problem. At a global scale high levels of energy 
use by buildings have negative impacts on the ozone layer of the earth's atmosphere, global 
temperatures, air quality, and on ecosystems that are altered due to resource extraction.  At the 
municipal scale, inefficiency in building energy consumption drains municipal budgets and 
increases the cost of living for residents, while the impacts of urban energy use add to heat 
related illness and mortality from increased air temperature in cities.  
Figure 2: Excess Heat in the Urban Environment 
 
 Source: original work of author 
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There has been insufficient data collection to date quantifying heat waste in cities. As urban 
residents we see daily examples of heat wasted in our environment. In New York City, subway 
trains reject heat from sidewalk vents, window air conditioning units reject heat into city streets, 
central cooling units and cooling towers reject heat from the rooftops of office buildings and 
dark surfaces with high thermal mass such as paved roadways, tarred rooftops and building 
facades absorb direct radiation from the sun and reject this heat into the city over a lapse in time 
(see figure 2).  These quantities of waste heat vary according latitude, month and time of day.  
Capturing this heat is difficult because most cities were not designed to collect and use heat from 
solar radiation, nor do many buildings, especially older buildings, have the infrastructure needed 
to capture and reuse excess heat from anthropogenic processes.  
 
There is an opportunity for (re)designing urban spaces to create an ecology of thermal supply 
and demand, and this thesis explores these possibilities through hypothetical designs in New 
York City neighborhoods.  The design solutions presented in the thesis are speculative ideas 
inspired by the imperative to address resource consumption and urban environmental impacts 
with greater urgency, seriousness and creativity - than achieved to date.  
Central Questions 
In determining how much excess heat is available within our urban environment from 
anthropogenic and solar radiant sources, and how we can avoid wasting it, we must address the 
following set of questions.  
 
First, how accurately can we predict the quantity of incident solar radiation that both strikes and 
is absorbed by surfaces in our built environment? While accurately calculating incident solar 
radiation3 at a building scale is entirely feasible, at a city level the computational challenge of 
calculating this for all buildings remains impractical. Therefore a simplified algorithmic estimate 
available in ESRI ArcMap 9.2 is instead used which is unavoidably less accurate. 
 
Second, do we know how much energy buildings in New York City consume by end use and can 
we quantify the efficiency of mechanical and process equipment? To answer these questions, we 
need to understand the type, make, model and age of building heating, cooling and other process 
equipment, or we need to have a method for estimating these efficiencies.  By analyzing data 
from a local statutory annual reporting requirement that all buildings over 50,000 square feet 
benchmark their annual energy consumption, with data from a biannual Federal survey on energy 
end use, it is possible to estimate the energy consumption of buildings by end use and the 
efficiency of their installed equipment4. 
                                                            
3 Incident solar radiation, otherwise known as insolation, is energy in the form of radiation that falls upon or strikes 
a surface (American Heritage College Dictionary 2015).  
 
4 The primary source of data for the thesis is the Local Law 84, legislation that requires buildings over 50,000 square 
feet to benchmark annual energy consumption data.  Local Law 84 does not publish energy consumption by end use, 
however the U.S. Energy Information Administration conducts a series of anonymous bi-annual surveys for 
commercial, residential and manufacturing energy end use. These surveys are publicly available and report energy 
use efficiencies by end use and by type for seven different geographic regions in the United States (EIA 2014). 
These questions can also be addressed by referencing other studies that calculate building mechanical efficiencies in 
the United States. 
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Lastly, at what temperature is waste heat available, and at what temperature must this heat be, for 
appropriate reuse?  The temperature of waste heat will vary according to the source of waste 
heat, and therefore the different sources of potential waste heat in New York City must be 
identified and analyzed.  In order to make a compelling and logical case for reuse of waste heat 
in the urban environment the study should evaluate uses for waste heat and discuss methods for 
increasing or decreasing waste heat temperatures depending on the strategy for reuse. Research 
into traditional and experimental methods for storage and distribution of heat should also be 
explored.  
 
To answer these questions, the thesis begins with a Literature Review discussing the role of 
waste heat in urban heat island effect and defining waste heat from both anthropogenic and 
natural sources, and discussing its existing uses within the urban environment. The Literature 
Review goes on examining the relationship of industrial urban growth and contemporary energy 
consumption, and the overlap between energy performance and design. The Data and 
Methodology chapter describes each data source and the steps used in analyzing this data to 
create a heat map of New York City. The Results chapter uses a correlation matrix and standard 
measures of central tendency to describe building heat consumption and solar radiation data, 
ultimately presenting this data in the form of a heat map that measures hot spots for potential 
secondary heat capture. The Results chapter concludes by extrapolating values of potential waste 
heat reuse in neighborhoods for which data is available, to all buildings in New York City 
estimating what percent of New York's annual energy consumption could be saved by utilizing 
waste heat. The Conclusion discusses how these quantitative results can be used to advise 
changes in policy governing zoning resolution, building code and data collection, in order to 
reduce future availability of waste heat. The thesis culminates with a discussion around future 
research opportunities in the area of waste heat capture and reuse.  
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LITERATURE REVIEW 
 
Literature addressing the supply and demand of urban energy is mostly discussed in isolated 
discourse within the fields of engineering, planning, policy and real estate development.  
Similarly, decisions that govern fuel source, efficiency of end use technologies, the physical 
distribution of energy in cities and processing technologies used by utility firms often fall into 
disciplinary silos at municipal, State and even Federal levels. There are far too few discussions 
about things like the correlation between housing design and utility bills paid by low income 
residents, the impact of battery technology on plug loads and ultimately pollution at the source of 
energy production, and the environment or economic logic of using infrastructure to convert 
fossil fuels into electricity when then powers a machine to convert this electric energy back into 
heat for end-uses such as space heating and cooking. We too seldom think holistically when 
managing and providing services in our cities - and it is the gaps between these silos which the 
thesis aims to address.  
 
This following pages discusses historic and contemporary thought around issues of urban waste 
heat. The chapter begins by explaining the role of waste heat in the urban heat island effect, 
defining waste heat in the realm of contemporary practice and explaining causes of this excess 
heat in urban areas.  The literature review then takes a step back in time to understand the 
development drivers of energy consumption in cities, with a focus on industrial growth in New 
York City between 1896 and 1970.  Lastly, the literature review discusses if and how these 
historical patterns are changing - trying to understand the drivers of change in integrated energy 
design.  
The Urban Heat Island Effect 
Urban Heat Island (UHI) phenomenon occurs when the built environment changes the 
characteristics of the earth's natural surface, altering ambient temperature unintentionally (Voogt 
2004).   Drivers of UHI include the nature of the surface cover of land, the degree of 
imperviousness of surface cover of the land, and the amount of heat emitted from anthropogenic 
process in urban areas. The adverse environmental impacts5 of UHI are compounded by a 
positive feedback loop – widely used energy-intensive mechanical cooling generates more heat 
which stimulates more use of mechanical cooling further worsening UHI.  
 
Because UHI is determined by location-specific factors, most literature addressing UHI is 
location-specific and is often conducted by research or university institutions. In New York City, 
studies at Columbia University by Joyce Rosenthal (Rosenthal 2010), the New School in 
partnership with the Natural Resource Defense Council (NRDC 2006) and the City University of 
New York by Dr. William Solecki (Solecki 2004 and 2005) , have quantified at length levels of 
urban heat in New York City, with a focus on mitigating the amount of heat absorbed by the 
                                                            
5 Primarily these arise from increased energy consumption for cooling, and elevated emissions of air pollutants and 
greenhouse gases due to production of energy from fossil fuels to meet the increased cooling demand. These effects 
compromise human health in terms of respiratory difficulties, heat cramps, non-fatal heat stroke and heat-related 
mortality. There are further environmental impacts due to impaired water quality from an increase in the quantity of 
storm water run-off and rise in run-off water temperature, which adversely impacts the metabolism and reproduction 
of aquatic species (U.S. EPA 2014).   
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urban built environment. At the Federal level, the Environmental Protection Agency (EPA) has 
published basic literature about adverse impacts of UHI and this literature is mean to be used by 
cities as a tool for public education (U.S. EPA 2014).  
 
Efforts to mitigate urban heat island effect disproportionately address the type and impervious 
nature of urban surface cover.  This study found more than ten reports published in the last five 
years addressing the use of green roofs, light colored or reflective surface treatment and tree 
planting in New York City, as solutions in mitigating urban heat island effect. The reduction of 
waste heat from anthropogenic process was not addressed as a UHI mitigation tool in any of the 
studied literature.  Planting trees and changing the material or color of surfaces in urban areas is 
potentially less complex than changing the amount of energy wasted by our built structures, but 
as energy consumption of the built environment grows, it is a factor that we cannot ignore.  
Waste Heat 
From this point forward this thesis will transition from using the term waste heat to describe 
excess urban heat, to using the term secondary heat. Waste heat is a colloquial phrase with 
varying interpretations and the phrase does not convey the potential value of leftover heat; a 
defining component of this thesis.  
 
Secondary heat is derived from the term secondary production, defined as reprocessing of a 
material after its primary use has been exhausted and reprocessing a material that is a byproduct 
of primary production (American Heritage Dictionary 2000)6. In this thesis, secondary heat is 
defined as heat that is a byproduct of an existing process, either in nature or induced by humans 
(Buro Happold 2013).   
 
In New York City, potential sources of secondary heat are both natural and human induced, or 
anthropogenic. Natural sources of secondary heat include solar radiation, water, soil, and the 
decomposition process. Anthropogenic sources of secondary heat include building heating and 
cooling systems (HVAC), electricity generation power plants and substations, water treatment 
plants, industrial production process, other non-HVAC building mechanical systems, and 
transportation systems including subway, bus, car and truck operation. The heat available from 
secondary sources ranges in temperature depending on the source7. For most secondary heat 
sources, the waste heat off-take temperature is too low for direct use, and must be upgraded to 
higher temperatures before it can be re-consumed by industrial, commercial or residential end 




6 Secondary production is a concept discussed at length by firms and industry concerned for cost of raw materials in 
production and it is a core concept in theories of industrial ecology (McDonough 2013). Today the phrase secondary 
heat is used most often by mechanical engineers when referring to waste heat recovery in Heating, Ventilation and 
Air Conditioning (HVAC) systems. 
 
7 Environmental sources, such as ground water or soil, can have temperatures as low as 50 degrees Fahrenheit, while 
some industrial sources have heat off-take temperatures as high as 158 degrees Fahrenheit (Buro Happold 2013) 
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Anthropogenic sources 
The literature review has found that there is little exploration of infrastructure and building 
design that takes advantage of unused urban process heat.  Literature addressing secondary heat 
from anthropogenic process is published mostly by the private sector in areas of engineering and 
design8.  The design of energy service infrastructure to buildings, and within buildings, is 
traditionally the work of civil, mechanical and electrical engineers, with oversight by municipal 
and regulatory agencies such as the New York City Department of Solid Waste, or the New York 
State Public Service Commission. Concerns over quantities of secondary heat from building 
level mechanical systems usually fall to the building owner or tenant, who pays the cost of 
utilities. 
                                                            
8 There have been some efforts to estimate urban waste heat that have been published. In 2009, physicist Robert 
Flanner estimated that cities produce 0.028 watts per square meter of waste heat from anthropogenic processes 
(Oleson 2011). Two years later this number was contested by scientists at the Royal Meteorological Society, arguing 
that secondary heat contributed 32% less heat to the urban environment than Robert Flanner estimated, or, 0.019 
watts per meter square. By either metric, secondary heat from human induced process is a significant factor in 
driving the UHI effect. 
Case study – secondary heat sources in the City of London 
A joint study by the City of London and Buro Happold engineering in 2011, catalogued 
potential secondary heat sources in the London metropolitan area and estimated the waste 
heat off-take temperature from each source (see table 1).  
 
Table 1: Secondary Heat Sources and Estimated Waste  
Heat off-take Temperatures in London, United Kingdom 
 
Heat Source  Estimated off-take temperature
Geothermal (ground source)  13 - 14 ◦ C 
Air source  2 - 16 ◦ C 
River water  5 - 20 ◦ C 
Electric power stations  35 ◦ C 
Building HVAC heat rejection  28 ◦ C 
Water treatment plants  14 - 22 ◦ C 
Sub-surface transportation  12 - 29 ◦ C 
Electric distribution network  50 ◦ C 
Sewerage treatment plant  14 - 22 ◦ C 
Source: London's Zero Carbon Energy Resource. The Mayor of London  
and Buro Happold, 2013, pp.10. 
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Issues around resilience of urban infrastructure have emerged in recent years as part of a larger 
discussion on climate change.  In New York City, damage from Hurricanes Irene and Sandy 
have caused the city to consider redundancy and decentralized provision of urban services, 
including the provision of energy, as solutions in mitigating economic and social damage future 
catastrophic climate related events. Unfortunately these conversations do not seem to overlap 
with literature on UHI effect in cities - ignoring the potential case for district or neighborhood 
provision of energy as a tool to both mitigate UHI and improve energy security during 
catastrophic climate events.  
 




Heating, Ventilation and Air Conditioning (HVAC) systems for 
buildings consume energy and produce secondary heat. 
Water treatment plants 
Energy is consumed as part of the waste water treatment process, 
and heat is released into natural water bodies after the treatment 
of waste water is complete
Non-HVAC building mechanical 
systems 
Elevators, building level technology services for building 
operations, computers, office equipment, kitchen and restaurant 
appliances and  laundry machines are commonly used in 
residential and commercial buildings.  This equipment generates 
secondary heat at varying temperatures and quantities according 
to end use and the coefficient of performance9 of each machine.  
Electric power generation stations 
and substations 
Con Edison Electric and Gas Company operates power 
generation stations that have a 33% efficiency rate. This means 
that 67% of the energy used to make electricity is lost to the 
environment through conversion and distribution.   
Domestic hot water 
Residential units, commercial restaurants, hospitals and many 
industries use consume hot water. This water is heated by either 
electric or gas boilers, used once, and deposited into the 
combined sewer and waste water drain network carrying large 
quantities of heat.  The waste hot water is treated at a sewerage 
treatment plant , adding more process heat, and this heated water 
is dumped into one of New York Cities natural water bodies.   
Sub-surface transportation 
New York City's subway transportation system generates 
secondary heat from subway cars using breaks, equipment 
operation and air conditioning of cars in summer months. This 
heat is released into the open air through street and sidewalk 
vents. 
Ground level transportation 
Cars, buses and trucks generate heat from operation of their 
engines and through their exhaust.  This heat is released directly 
into the open street.  
Industrial heat 
Many industrial and manufacturing firms use heat in the 
production process in order to manufacture goods. This 
secondary heat is usually high grade, and is often partially 
recovered through building heat recover technology.  
                                                            
9 The coefficient of performance (COP) is the ratio of heating or cooling provided to electrical energy consumed 
(U.S. EIA 2015). 
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Although sources of anthropogenic secondary heat are easy to identify (see table 2), estimating 
the quantities of secondary heat from these sources is difficult. Throughout the thesis research, 
no secondary heat estimates for municipal systems such as the Metropolitan Transportation 
Authority (MTA) subway and bus transportation networks, Port Authority infrastructure or the 
New York City Department of Sanitation (DSNY) waste treatment plant network were found.  
However there were numerous references of private sector firms estimating heat wasted  from 
mechanical process for industries with high intensity energy consumption, motivated likely by 
financial savings.   
 
It is clear that urban environments generate vast amounts of heat from anthropogenic sources and 
there seems to be a missed opportunity in this capturing secondary heat, especially from 
municipal service infrastructure such as the MTA and the DSNY which have networks that 
operate 24- hours a day and consume large amounts of high-grade heat being processed by 
inefficient legacy equipment.  
 
Natural sources 
The sun is 960 million times larger than the planet earth and it is the greatest source of energy in 
the solar system.  The sun is a burning ball of gas radiating an estimated 12.2 trillion watt-hours 
of energy per square mile of earth surface, per year (Eco World 2015) and it is expected to burn 
for another five billion years.  Fossil fuels such as coal, oil and natural gas are all byproducts of 
the sun's energy being absorbed and transferred into energy by plants through the process of 
photosynthesis.  When plants and animals die, they decay into the earth and their embodied 
energy is transferred over millions of years and under great pressure, into fossil fuels (Smil 
2015).  Energy from the sun is absorbed by water and ground surface in the form heat, creating 
three natural sources of secondary heat that can be easily exploited by humans on the planet earth 
(see table 3). 




Hudson, East and Bronx rivers, Atlantic Ocean, inland lakes and reservoirs. 
These sources are sometimes used in lake or river source cooling systems 
Soil and rock 
Metamorphic rock (Manhattan Schist) or sedimentary rock (shale) found in 
large quantities in New York City have high thermal mass for heat storage. In 
temperate climates where seasonal and diurnal temperature fluctuations 
prevail, there is a large differential between the temperature of the soil and the 
temperature of the air due to the specific heat properties of each medium, 
making  soil an effective cooling and heating source.  
Solar radiation 
Incoming solar radiation originates from the sun and alters in intensity and 
direction of ray as it travels through the stratosphere and is interrupted by 
features on the surface of the earth.  Radiation is intercepted at the earth's 
surface as either direct, diffuse or reflected ray components and the sum of all 
components is referred to as global solar radiation.  
This study focuses solely on solar sources of radiation because solar radiation is easy to quantify 
using existing design analysis tools that rely on the basic laws of physics governing a material’s 
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reflectivity, absorption, thermal conductivity and specific heat capacity10. Solar radiation is 
sometimes collected as part of a building’s design and often used to heat water and sometimes to 
heat spaces11. Additionally, solar radiation may be increasingly used to generate electricity for 
the building12.  
 
History of Urban Growth 
In order to design buildings and cities that reduce wasted heat, we must also understand the 
drivers of our existing inefficient design.  Much of the early urban growth in the United States 
took place during a period of industrial revolution after the end of the American Civil War in 
1865. This period was driven by access to new technology, expansion of rail transportation 
through the passage of the Pacific Railroads Act in 1862, and a constant supply of immigrant 
labor. Between 1870 and 1920 the number of American's employed in manufacturing jobs 
increased from 2.5 million to 11.2 million (Kennedy 1987, p.242). In this same period, 27 
million immigrants entered the United States. Meanwhile, transportation expanded through 
innovation of the steam driven engine, fueled by coal and readily mined using cheap immigrant 
labor. This coal was delivered to cities using the growing network of rail lines, and in turn, the 
trains relied on coal for operation (Arnold 2010 p.5). The ability of industry and cities to expand 
rapidly during this period was highly linked to availability of cheap energy. The rail lines, road 
ways and electric infrastructure which brought lighting, heating and appliance use to buildings in 
the 20th century have only expanded, predicting the increasing consumption of coal, oil and gas 
as a key component of urbanization in the United States. Today, Con Edison serves electricity 
and gas to 3.3 million customers in the New York City region, with 34,000 miles of overhead 
electricity cables, 94,000 miles of underground lines, and 61 electricity producing substations 
(Siemens et al 2013).   
 
Energy Performance and Design 
There is a lack of integration between building design and energy performance in contemporary 
architecture practice.  Design professionals increasingly break the design process apart into silos; 
                                                            
10 Solar radiation is absorbed by physical objects at different rates depending on an objects material composition and 
surface color. Dark surfaces have low reflectivity, and hence a high absorption factor and light colored surfaces have 
high reflectivity and a low absorption factor (see appendix B).   Material composition plays an important role in the 
ability of an object to absorb or reflect heat.  The solar absorption factor of a substance is determined by its density, 
or ratio of mass to volume. A materials density is positively correlated with its specific heat, or the amount of heat 
needed to increase one unit of a given material, by one degree Fahrenheit. The higher the material density, the 
greater the material specific heat and the lower that materials thermal conductivity, or K-value. 
 
11 This can be achieved using solar panels attached to building facade.  These panels use either air, water or a 
refrigerant medium to absorb heat and deliver this heat to a building most often for heating water and sometimes for 
heating spaces. Trombe walls are another tool used to collect incident solar radiation. A trombe wall is a cavity that 
can be air filled, water filled or comprised of thick thermal mass with a high specific heat value.  Heat from the sun 
is stored in the medium and released at a later time, through either a natural, or manufactured, heat differential. 
Trombe walls are traditionally used for heating and cooling spaces.  
 
12 Radiation collected by solar panels can also be converted into electricity using a network array of silicon based 
cells with an imbalance of electrons that generate an electric current when reacting with photons from the sun's 
radiation. The resulting currents are passed through an inverter and charge controller located near the panels, before 
being used directly, or stored using batteries.  
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a structural engineer, mechanical engineer, lighting designer, facade consultant, interior designer 
and even a vertical transportation engineer (elevator designer). Breaking a project into siloed 
components often disintegrates building design, and the natural overlaps between structure, 
architecture form, facade design and performance can be ignored. 
 
There is limited professional discourse addressing the integration of design, zoning and energy 
efficiency, and most of the existing literature on integrated design is associated with 
sustainability movements in Europe and United States over the last 50 years. The most thorough 
discussion reviewed by the author, of the need for an integrated approach to urban infrastructure 
is a recently published book by Hilary Brown titled Next Generation Infrastructure (2014).  The 
forward of this book eloquently describes the problem of the contemporary relationship between 
cities and energy:  
 
"Our existing infrastructure of wastewater plants, bridges, the electrical grid, 
pipelines, roads, and dams is rapidly deteriorating. The American Society of Civil 
Engineers estimates that its repair or replacement will cost $3.6 trillion.  For 
financial reasons alone, it is a good time to rethink the way we design, build and 
invest in public infrastructure. But the design assumptions underlying our existing 
infrastructure are crumbling along with the concrete, steel, wires, and pipes. The 
designers of the industrial infrastructure presumed an inexhaustible supply of 
cheap energy, the efficacy of simple and single purpose solutions to complex 
problems, and the necessity of brute-force mastery over nature, all executed with 
a bulletproof confidence in endless economic growth on a finite planet" (Brown 
2014, p.xi).  
 
Brown is among few voices advocating for a more holistic approach to design of urban 
infrastructure.  In reality, as the 2010 World Bank study, Energy Efficient Cities points out, 
solutions that provide fast and affordable energy provision in the short term are prioritized over 
more sustainable, climate friendly energy efficient long term investments in cities (2010). 
 
Architects are gaining an increasing understanding of the relationship between energy 
performance and building design, generating a dialog in literature and practice of energy 
efficiency and long term building operation.  One of the leading thinkers in this area is architect 
and professor Kiel Moe (Convergence: An Architectural Agenda for Energy and Thermally 
Active Surfaces in Architecture) who has spent the past 20 years studying how mechanical 
systems of heat conduction and radiation can be integrated into building design, mimicking 
methods of heat transfer used in the human body and other living organisms. Another key actor 
in this field is Phillipe Rahm who designs buildings and spaces according to thermal demand of 
program (Constructed Atmospheres, Phillipe Rahm Architects).  The work, Reinventing 
Construction (Edited by Ilka and Andreas Ruby, Ruby Press, 2010) is a compilation of practices 
that re-think traditional building process in order to reduce resource consumption. Much of this 
book is about how we can design to minimize mechanical infrastructure, and maximize solar 
radiation for human energy need.  
 
In practice internationally, there is some pilot exploration of using infrastructure to capture urban 
heat, such as the SolaRoad developed by the Netherlands Organization for Applied Scientific 
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Research in Amsterdam there are few pilot projects to capture urban heat through use of 
infrastructure, and reusing this heat productively ("Netherlands Is The 1st Country To Open A 
Solar Road For Public Use" 2015). Recently, a data center in Sweden was configured to supply 
waste heat to 1,500 nearby houses, meeting 34% of the housing heat demand ("The World's First 
Carbon-Negative Data Center Heats up Swedish Homes in the Winter" 2015). Projects like these 
are simple, yet rare, solutions in mitigating urban heat island effect.  
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DATA AND METHODOLOGY 
 
This  study will estimate and map the availability of secondary heat from solar radiant sources 
and building mechanical process in New York City. Based on the aforementioned results, the 
thesis asks how zoning and building code regulation could  be  reinvented to create cities with 
net zero secondary heat production. The research scope is defined by the restricted availability of 
building energy consumption data in the five boroughs of New York City - currently only 40% 
of New York City's building stock report energy consumption under Local Law 8413.  This 
analysis also generates discussions around the reasonability of building owners to comply with 
Local Law 84 requirements and the resulting accuracies of these self reported data. 
 
The following chapter describes the data sources and research methodologies used in the thesis. 
A more detailed description of each data source followed by a discussion of integrity of data 
origin and data attributes can be read in Appendix C.  
 
Data Sources 
Multiple data sets were consulted to identify areas in New York City with high levels of 
secondary heat, and to ultimately propose design solutions for capture, storage and reuse of this 
heat in selected neighborhoods. Table 4 lists each type of data used in this thesis describing the 
data application, the year of data publication, agency of data ownership and a hyperlink to the 
website from which the data was downloaded.   
  
                                                            
13 Building energy consumption data is available for all New York City buildings greater than 50,000 square feet 
and for all government owned buildings, greater than 10,000 square feet.  Therefore, the study analyzes only 40% 
percent of New York City's entire building stock (NYC Office of Sustainability Management 2013).   
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Table 4: Description of Data Used in Mining Urban Heat Thesis 
 
Data How it is used Year of 
publication 
Source Accessed from 
Building Energy 
Consumption Data 
Joined with NYC Pluto 




2012 Local Law 84, New 






Building Tax Lot 
and Attribute Data 
Joined with 2012 Local 
Law 84 data to spatially 





New York City Primary 
Land Use Tax Lot 
Output (PLUTO) data, 













in New York City 
Used to generate a 
Digital Elevation Model 
(DEM). The DEM model 
is the base input 
parameter for the ESRI 
ArcMAP Solar Radiation 
Analysis tool.  
2010 LiDAR digital elevation 
points, New York City, 
New York City 
Department of City 
Planning, collected and 
processed by the 







10,  2015) 
Typical 
Meteorological 
Year New York 
City Weather Data 
Used as an input 
parameter for the ESRI 
ArcMAP Solar Radiation 
Analysis tool.  






Software, weather data.  
New York City-
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Used to estimate the 
percent of mechanical 
heat wasted in buildings 
as a percent of total 
energy consumed.  
2012 Commercial Building 
Energy Consumption 
Survey (CBECS) and 
Residential Building 
Energy Consumption 
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against which Local Law 
84 data are compared.  









10,  2015) 
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Research Design 
The thesis combines complex data sets from a range of municipal and national sources in order 
to identify areas in New York City with high energy consumption and access to high levels of 
solar incident radiation. Figure 3 illustrates the data analysis steps used throughout the thesis, 
followed by a description of each step and associated research methods. 
 

















Step 1.  Literature Review  
A range of academic and professional practice literature on building energy use and urban energy 
infrastructure was read and summarized as an introduction to the research study. 
 
Step 2.  Data Collection  
Downloaded building energy consumption data from the New York City Department of 
Citywide Administrative Services (DCAS) as collected under the New York City Greater 
Greener Buildings Plan, Local Law 84 between 2009 and 2012.  Downloaded LiDAR digital 
elevation points from the New York City Department of City Planning (NYC DCP) website as 
collected by the Sanborn Map Company between April and May 2010.  
 
Step 3. Quantitative Data Analysis 
Joined the energy consumption attributes from Local Law 84 with the New York City Primary 
Land Use Tax Lot Output (PLUTO) attributes by the building tax lot code identifier using ESRI 
ArcMap Join feature. Reviewed Local Law 84 data to understand its measures of central 
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tendency. Calculated mean, median and mode Energy Use Intensity (EUI) for each land use type 
in New York City. Used a bimodal distribution plot to understand if the median EUI is also the 
most frequent EUI for a land use type. To better understand the relationships of building 
attributes to Energy Use Intensity (EUI) I ran a correlation matrix between building attributes 
and Energy Use Intensity (EUI). The attributes correlated include built year, building ownership, 
building floor area, number of floors, land use type and lot type.  
 
Step 4. Computational Analysis 
Created a Digital Surface Model (DSM) of the City of New York from LiDAR digital elevation 
point data using the ESRI ArcMap, Point to Surface feature. Next I calculated  the total annual 
solar intensity of surface area in New York City's five boroughs using the ESRI ArcMap Solar 
Insolation tool.  
 
Step 5. Comparative Analysis 
Aggregated Energy Use Intensity (EUI) by building and available incident solar radiation in New 
York City using a fishnet grid to mitigate the statistical bias of the Modifiable Areal Unit 
Problem (MAUP). Compared secondary heat availability hot spots across the five boroughs.    
 
Step 6. Quantitative Data Analysis  
Extrapolated these potential savings to all buildings in New York City by gross floor area, 
estimating total heat loss that could be captured if design interventions were incorporated into 
building and zoning  regulation. 
 
Step 7. Qualitative Analysis  
Designed theoretical opportunities for building, street, and neighborhood secondary heat capture 
and reuse in target areas, based on knowledge of building attributes correlated with energy use 
intensity, access to incident solar radiation and estimated heat loss through building envelope.  
 
This research mixes methods in quantitative analysis, qualitative assessments and design theory 
in addressing the question of waste heat capture in cities. The methodology reflects my diverse 
interest in rational planning, human reaction and ability to solve complex urban problems 
creatively, using design.  
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RESULTS 
 
Before discussing data analysis, it is important to acknowledge the limitations of the quality and 
other attributes of the data used. There are three key aspects to these constraints. First, data on 
building energy use in compliance with Local Law 84 (LL84) is problematic particularly because 
submissions are not sufficiently regulated to generate reliable data.  Secondly, data on building 
end energy use generated by the U.S. EIA while very accurate, is anonymized and published as 
average consumption data by region, building type, year of construction and floor area. The data 
lacks sufficient granularity and cannot be used to accurately deduce energy consumption trends 
for New York specifically, as each urban environment is significantly different. Last, the spatial 
modeling of solar radiation loses accuracy both from the simplification by the ESRI digital 
surface model necessary to estimate incident solar radiation on many thousands of buildings, and 
also from the little acknowledged fact that historical climatic data is not reliable in predicting 
future climate trends.  
 
Therefore the data in this thesis gives us an idea of what spaces in New York City have access to 
high levels of heat, relative to other spaces in New York City.  It tells us values of heat 
availability by building in New York City but these values lack quality control and confidence 
due to their infancy in collection and use within the industry.  The data also does not give an 
indication of the portion of heat value which can be practically re-appropriated for other use 
because the age and coefficient of performance (COP) of mechanical equipment in buildings is 
not documented, leaving us to estimate the percent of heat wasted based on national studies with 
small sample sizes that likely differ from New York City’s reality. Instead, the analysis in this 
thesis is a litmus test measuring the scale of possibility for secondary heat reuse in New York 
City and arguing why it is worth trying.  
 
Building Energy Use Intensity (EUI) 
In order to inform future changes in zoning and building code for secondary heat reuse, we must 
understand building energy consumption in relation to building location and its descriptive 
attributes14. Given the data available, building energy use intensities (EUI) can be spatially 
displayed by matching the tax lot numbers of the statutory local building energy use returns15 
with the tax lot number list in the New York City Primary Land Use Tax Lot Output (PLUTO) 
database as shown in map 1 below. Combining the two datasets enables an understanding of the 
spatial relationships between high and low energy buildings and also better resolution into the 




14 Descriptive attributes of a building are the qualities and characteristics that describe the building.  These include, 
but are not limited to, zoning classification, ownership type, lot area, Floor Area Ratio (FAR), number of floors and 
units, year built, year altered, historic designation, and height. 
 
15 There are 17,409 records of building energy consumption published under Local Law 84. 
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Map 1: Energy Use Intensity (EUI) by building as reported under Local Law 84 in 2012  











































Sources: NYC Office of Long Term Planning, Greener, Greater Buildings Plan, Site Energy Use Intensity (EUI) 
data from Local Law 84, 2012 and NYC Primary Land Use Tax Lot Output (PLUTO) data, December 2014, 14v2 
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So, for each building Energy Use Intensity (EUI) reported we have access to 25 different 
attributes about each building in New York City16. From all reported building attributes, the 
attributes describing building land use type, ownership, net building area, number of floors, lot 
type and year built were selected for extended statistical analysis because of their believed 
correlation to building energy consumption by the author.  
 
Correlation matrix by selected building attributes 
To understand the statistical measure of the relationships between these seven selected building 
attributes and energy use reported under Local Law 84, a correlation matrix was run. The full 
results of the correlation matrix can be viewed in Appendix E. The study found that EUI is 
positively correlated with multi-family residential elevator buildings (0.0801), buildings which 
are owned privately (0.0294), number of floors (0.0397) and interior lots (0.0349)17. This means 
that multi-family residential elevator buildings, privately owned buildings and buildings located 
on interior lots are more likely to have high EUI than buildings without these characteristics. It 
also means that as the number of floors in a building increase, the EUI is also likely to increase. 
These correlations are all expected by the author, based on prior knowledge of urban 
development in New York City and building energy consumption patterns.  
Interestingly, we see from the matrix that a building on a corner lot is strongly correlated with a 
decrease in EUI (-0.0266), and these same corner lot buildings are also negatively correlated 
with year of construction (-0.0566).  This tells us that older buildings are more likely to be 
located on corner lots and have lower EUI than buildings without these characteristics. We also 
find a weak positive correlation between the year of building construction and the building EUI. 
The correlations between energy use and year of construction are unexpected because it is often 
assumed that modern building technology and construction practices are more efficient than 
historic building technologies and constructions. Instead, our correlation matrix tells us that the 
more recently a building was constructed, the higher its energy consumption is.    
 
The strongest correlations of the data set are not related to EUI and instead are linked to the 
spatial location of the building. There is a strong positive correlation between lots in the interior 
of the block and multi-family residential elevator buildings (.4918) and number of floors that a 
building has (.4917). This means that interior lots are more likely to be used for high rise 
residential with elevators and a large number of floors. Inversely, the strongest negative 
correlations are between interior lots and multi-family walk up buildings (-0.966) and between 
corner lots and multi-family elevator buildings (-0.4198).  This means that corner lots are less 
likely to be used for high rise residential with elevators, and interior lots are less likely to be used 
for multi-family residential walk up buildings in New York City.  
                                                            
16 Appendix C describes the complete list of tax lot attributes that are available in the Primary Land Use Tax Lot 
Output (PLUTO) data base and the seven attributes selected by the author for extended statistical analysis.   
17 Correlation ranges between negative one and positive one, with negative one considered perfectly negative 
correlation and positive one considered perfect positive correlation. If the correlation is zero, the movement of the 
two factors is considered to have no relationship.  In this study a correlation of above +/- 0.025 is considered to be a 
high correlation. 
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Measures of central tendency by land use 
Another way to understand building attribute and energy consumption data is to examine its 
measures of central tendency18.  Because land use is the driving factor of current zoning 
regulation in New York City planning, it is an important lens through which to view building 
energy consumption. In the following section the most common measures of central tendency, 
mean19, median20, mode21 and range of building site EUI are examined by land use. A complete 
table of these descriptive statistics for land uses with the highest and lowest average EUI 
reported under Local Law 84 can be found in Appendix F.  
From this analysis we find that multi-family residential buildings without elevators have a higher 
mean EUI than multi-family residential buildings with elevators22.  One possible explanation for 
this result is age of construction. In New York City, the average year of construction for multi-
family residential buildings with elevators is 1958 and 23% of these buildings were renovated at 
some point after 1997.  In contrast, the average year of construction for multi-family residential 
walk up buildings in New York City is 1937 and only 16% of all multi-family residential walk 
up buildings have been renovated since 1997 (PLUTO database 2014). Older buildings that have 
not undergone renovation will likely have less efficient mechanical equipment and greater 
energy loss through infiltration. 
 
Median EUI values for multifamily residential walk up and elevator buildings are significantly 
lower than the mean value for each land use. This tells us that the majority of multifamily 
residential buildings have a low reported EUI, while a small number of buildings have a very 
high reported EUI.  For example, multifamily residential buildings with elevators have a low 
mode EUI (9.6 Btu/ft2) and a very wide range of reported values (0.05 Btu/ft2 - 64,977.80 
Btu/ft2). When viewing this data spatially, these results are corroborated (see map 2). In 
Manhattan there are a small number of buildings with a high EUI marked in yellow and orange 
and a very large number of buildings with a low EUI marked in purple. The correlation between 
these two land uses and EUI is strongly positive (.4918) - once again, confirming this statistic 




18 A measure of central tendency is a value which attempts to describe a set of data by identifying a central position 
within that set of data (Treiman 2009). 
 
19 Mean is defined as the sum of all the numbers divided by the number of observations contributing to that sum.  
 
20 Median is defined as the middle score in a distribution, above and below which lie 50% of all observations.  
 
21 Mode is defined as the most frequent or probably single value in the distribution. 
22 In New York City a building is required to have an elevator if it has more than four stories tall. 
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Map 2: Energy Use Intensity (EUI) by building in lower Manhattan as reported under the Greater 
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These data tell us that there are far fewer reported records for public facility and institution 
buildings than for residential buildings. In addition to the $500 penalty for non-compliance it is 
also possible that residential buildings have access to additional subsidies or grant programs 
through participation in Local Law 84 or use of the U.S. EPA Energy Star Portfolio giving these 
buildings greater incentive than public facility buildings, to report data.  
 
The land use with the lowest reported mean EUI is Industrial and Manufacturing land. This is 
surprising to the author because industrial production is traditionally associated with high 
quantities of energy consumption. There are two immediate possible explanations for this 
statistic. First, only 734 of 11,894 industrial and manufacturing building in New York City 
reported their energy consumption under Local Law 84 in 2012 (see table 3B).  Simultaneously 
we have seen a trend in New York City of a reduction in intensity of manufacturing land use 
from heavy and medium manufacturing to light manufacturing; one quarter of land zoned for 
medium and heavy manufacturing has been rezoned as light manufacturing over the last ten 
years (Mark-Viverito 2014)23.  It is possible that disproportionate number of these records are 
from buildings zoned as light manufacturing which may have less energy intensive production 
due to stringent performance standards24.  The second potential explanation for the low reported 
EUI of Industrial and Manufacturing buildings is that this data is self reported and there are 
commissioning requirements25 for buildings who exceed benchmark consumption standards. 
These commissioning requirements are stipulated under Local Law 87 passed in 2013 and the 
commissioning process is expensive for building owners. Fear of these costs could be incentive 
for building owners to under-estimate values when reporting.  
 
Given the high average energy consumption of both elevator and walk up multi-family 
residential buildings shown in Table 3A, it is logical that mixed residential and commercial 
buildings also have high average EUI values. The range for this building type is 27,484 
Btu/ft2/year, falling below the range for multi-family residential elevator buildings (64,977 
Btu/ft2) yet above the range for multi-family residential walk up buildings (7,746 Btu/ft2). When 
examining the correlation between number of floors and mixed residential & commercial 
buildings in table 2, we see there is a strong positive correlation (0.2226) indicating that taller 
mixed residential and commercial buildings have higher EUI and buildings above four stories in 
New York City must be served by elevators - contributing to the high EUI values.  
 
In summary, by viewing the measures of central tendency and statistical relationships of energy 
consumption data from Local Law 84, we see that residential and civic buildings such as schools 
and hospitals have the highest reported energy consumption under Local Law 84. These 
buildings provide services that are utilized outside of the traditional 9:00 to 17:00, Monday to 
                                                            
 
24 Manufacturing land use in broken into three categories; light manufacturing M1, medium manufacturing M2 and 
heavy manufacturing M3. Performance standards determined by zoning regulation and place strict limitations on 
noise, vibration and air pollution for a piece of land (NYC DCP 2010). 
 
25 Building Commissioning (Cx) is the process of verifying all or some of the building subsystems for mechanical 
(HVAC), plumbing, electrical, fire safety, building envelopes, interior systems, utility plants, lighting, wastewater 
and building controls (USGBC 2015)  
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Friday work day. The buildings with the absolute highest reported energy consumption under 
LL84 are multi-story residential buildings with elevators.  Out of 17,409 building records in 
LL84, the top 155 highest energy consuming buildings are high rise residential buildings, 
indicating an opportunity for capture of secondary heat from these buildings. Our data shows that 
building uses with lowest reported energy consumption are places of employment in either 
service or manufacturing sectors.  These buildings are often occupied for fewer hours and fewer 
days of the week than residential and institutional buildings, a factor that likely contributes to 
their relative low energy consumption.   
Solar Radiation Analysis 
Building energy consumption represents one portion of heat found in the urban built 
environment.  Supplementing this anthropogenic heat is heat from natural sources.  This chapter 
will also estimate available incident solar radiation falling on built surfaces in New York City26. 
The ESRI ArcMap Solar Area Analysis tool was selected to perform this analysis because of the 
tools capacity to geo-process large quantities of land quickly, when compared with alternative 
tools.  In 2010 New York City collected a high density27 of elevation points using LiDAR 
satellite data, and this digital elevation model (DEM) is publically available, free of charge for 
all five boroughs. The New York City 2010 DEM model is the primary input in the Solar 
Radiation Analysis tool28 of ArcMap. Specific input parameters used in the solar radiation 
surface analysis can be viewed in Appendix G. 
Buildings in New York City range from very little access to either direct or diffuse radiation 
(0.8) to very high levels of access to solar radiation (1.3) million Watt-hours over the course of 




26 Incoming solar radiation originates from the sun and alters in its intensity and direction as it travels through the 
atmosphere and is interrupted by features on the surface of the earth.  Radiation arrives at the earth's surface as either 
direct, diffuse or reflected ray components and the sum of all components is referred to as global solar radiation. At 
most latitudes, including New York City, direct radiation is the largest component of global solar radiation and 
diffuse radiation is the second largest. 
 
27 LiDAR elevation points are collected using one-foot resolution.  
28 The ArcMap Solar Radiation Analysis tool calculates global radiation (Globaltot) as the sum of direct (Dirtot) and 
diffuse (Diftot) radiation:  
Globaltot = Dirtot + Diftot 
 
The reflective radiation component is not captured by the ESRI ArcMap Solar Area Analysis tool, however unless a 
study area has large swaths of reflective surfaces or snow cover, for significant portions of the year, the reflective 
ray component is likely minimal. Solar incident radiation values, or insolation, were calculated over a one-year time 
period in order to generate values with a comparable unit of time to building energy consumption values reported 
under Local Law 84.   
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Map 3: Building annual incident solar radiation simulated under cumulative sky cover 

























Sources: LiDAR digital elevation points, New York City, New York City Department of City Planning, collected 
and processed by the Sanborn Map Company, April 2010 and U.S Department of Energy, Energy Efficiency and 
Renewable Energy (EERE), EnergyPlus Energy Simulation Software, weather data.  New York City-LaGuardia 
Airport 725030 (TMY3).   
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In examining the solar insolation data measures of central tendency29 (see table 4) we see that the 
total heat available from solar radiation in one year is 172,381,516,486 Watts,  or 172.4 
Gigawatts. 
Table 5: Measures of Central Tendency for Solar Insolation values in New York City 
 
Measures of central 
tendency 
Incident solar radiation values, New York City 
(watt-hours / square meter / year) 
Mean 159,261 
Sum 172,381,516,486 




Source: LiDAR digital elevation points, New York City, New York City Department of City Planning, collected and 
processed by the Sanborn Map Company, April 2010 and U.S Department of Energy, Energy Efficiency and 
Renewable Energy (EERE), EnergyPlus Energy Simulation Software, weather data.  New York City-LaGuardia 
Airport 725030 (TMY3).   
New York City Heat Map 
Using the ESRI ArcMap Solar Area Analysis tool allows us to estimate incident solar radiation 
and relate these values to other spatial data such as neighborhoods, census blocks and in this 
case, New York City tax lots. When available solar radiation is distributed by tax lot, it can be 
summed together with tax lot heat consumption values from Local Law 84.  These building 
values are allocated to a one meter square fishnet grid overlay in order to mitigate the statistical 
bias of the Modifiable Areal Unit Problem (MAUP). Compared secondary heat availability hot 
spots across the five boroughs.  These relative values inform the proposed changes to zoning and 
building code identified in the following pages.  
                                                            
29 These values were calculated by applying a solar radiation grid over the top of the insolation analysis. The 
analysis grid is a fishnet grid with 1 meter spacing to which incident solar radiation values from the LiDAR point 
data cloud are assigned.  This solar radiation grid is then spatially joined to the building footprint to estimate 
building solar access.  
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In map 5 the bright red hot spots indicate areas of high heat availability.  At Manhattan's core, 
and in the downtown areas of Brooklyn, Queens and the Bronx, heat availability is largely a 
product of building heat rejection.  In less areas with a less dense, and lower rise building stock, 
high levels of heat are the result of greater surface area with access to incident solar radiation and 
landmark industrial infrastructure such as Fort Bennet Field in Brooklyn or Great Kills Park in 
Staten Island. 
Map 4: Average Energy Use Intensity (EUI) from Reported Building Energy Consumption and 







































Sources: Sources: NYC Office of Long Term Planning, Greener, Greater Buildings Plan, Site Energy Use Intensity 
(EUI) data from Local Law 84, 2012; NYC Primary Land Use Tax Lot Output (PLUTO) data, December 2014, 
14v2; LiDAR digital elevation points, New York City, New York City Department of City Planning, collected and 
processed by the Sanborn Map Company, April 2010; U.S Department of Energy, Energy Efficiency and Renewable 
Energy (EERE), EnergyPlus Energy Simulation Software, weather data.  New York City-LaGuardia Airport 725030 
(TMY3).  
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If these secondary heat availability estimates were extrapolated from the 17,560 buildings 
reported under New York City Local Law 83, to all 728,749 buildings located in New York 
City, an estimated 28.285 trillion British Thermal Units per year could potentially be captured 
and reused.  This is equal to 52 percent of the energy produced at the Indian Point Power Station 
and at the 2013 utility rate of 19.3 cents per Kilowatt hour, this quantity of secondary heat 
recapture could save New York City up to 160 billion dollars per year (see table 7). Of course, it 
is not possible to capture 100% of the sun's radiation that strikes the surface in New York City or 
to collect all of the excess heat from our cities mechanical processes. But, if we could find a way 
to store and reuse just a fraction of this wasted heat, cities such as New York would reduce their 
reliance on finite fossil fuels and decrease operating costs significantly. 
Table 6: Estimated Secondary Heat Available in all New York City Buildings 
1.8 Trillion BTU  
Total heat consumed annually by buildings in the five boroughs of New York City as 
reported under Local Law 84 
78.4  
Trillion BTU Extrapolation of heat consumption values from LL84 with 17,560 building records to 




Average percent of total building energy consumption used for cooling, refrigeration 
and heating end uses which are eventually rejected as waste heat (Commercial, 
Residential and Manufacturing Building Energy Consumption Survey, U.S. Energy 
Information Administration, 2015)  
28.230 
Trillion BTU Total estimated waste heat from all New York City buildings 
54.644   
Billion BTU Total estimated heat from solar radiation in New York City 
28.285 




1Trillion BTU = 28285000 MM BTU  
1 MMBtu = 293.297 kWh 
1 Gigawatt hour = 1 Million Kilowatt hours 
19.3 
Cents per 
kWh  Cost of electricity from ConEdison on 15 March 2013 
160.11 
Billion dollars Savings in dollars if 100 percent of secondary heat in New York City were captured and reused.  
Sources: Economic Snapshot; A Summary of New York City's Economy 2013. U.S. Energy Information 
Administration (EIA) 2003; NYC Office of Long Term Planning, Greener, Greater Buildings Plan, Site Energy Use 
Intensity (EUI) data from Local Law 84, 2012; NYC Primary Land Use Tax Lot Output (PLUTO) data, December 
2014, 14v2; LiDAR digital elevation points, New York City, New York City Department of City Planning, collected 
and processed by the Sanborn Map Company, April 2010; U.S Department of Energy, Energy Efficiency and 
Renewable Energy (EERE), EnergyPlus Energy Simulation Software, weather data.  New York City-LaGuardia 
Airport 725030 (TMY3).  
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CONCLUSION 
 
Modern human society is dependent on energy to function. The finite nature of fossil fuels, the 
predominant source of energy in our 21st century society, demands that this energy must in 
increasing quantities, be from sources that are dependable, affordable and environmentally 
sound. This thesis explored the possibility of using secondary heat as a primary energy source in 
partially meeting energy needs in New York City. 
 
The thesis asks the question, How much excess heat is available within our urban environment 
from anthropogenic and solar radiant sources, and can we avoid wasting it? In order to answer 
this question, building energy consumption and available heat from incident solar radiation were 
quantified, aggregated, and used as a relative proxy indicator of available secondary heat in New 
York City neighborhoods.  These calculations show that 1.8 trillion British Thermal Units of heat 
are consumed annually by buildings in the five boroughs of New York City.  Using conservative 
estimates of percent waste heat generated from cooling, heating and refrigeration end uses in 
buildings as published by the U.S. Energy Information Administration in 2015 added to annual 
solar insolation values, the thesis calculates that 28.285 trillion British Thermal Units of heat are 
rejected into the built environment annually. This is equivalent to x% of New York Cities total 
annual energy demand.  
 
Based on these results, the following chapter will explore how changes in policy could support 
the capture and reuse of low and medium grade secondary heat at the scale of building cluster 
and neighborhood.  The thesis will propose alterations to regulations in zoning, building code 
and data collection in order to reduce quantities of heat wasted, and ultimately, enabling net-zero 
secondary heat cities.  
 
Zoning Regulation 
With adequate understanding of building energy demand by end use and natural thermal 
conditions in specific geographic locations, we have an opportunity to alter our existing 
neighborhoods and create a symbiotic thermal relationships among buildings.  This thesis 
explores three ideas in altering zoning regulation to enable net-zero secondary heat 
neighborhoods.  Each idea can be implemented in isolation, or collectively with the other ideas 
presented.  In many cases, these ideas are bold, asking for a reinvention of contemporary 
development trends, and in all cases implementation of these ideas requires a heavy hand in 
governance.  There are long term benefits for individual households and the private sector in 
reusing secondary heat, but the short term costs of changing how buildings are used and 
physically modifying energy distribution networks to accommodate low grade heat are likely 
greater than the initial benefit.  Creating net-zero secondary heat cities will require governmental 
strong government regulation driven by a vision of reducing the environmental impact of cities, 
on the planet earth.  
 
One of the most passive solutions to an abundance of secondary heat in a dense urban setting is 
co-location of  buildings based on complementary heating demand schedules.  Zoning to create 
efficiency in energy consumption was not a concern for most 20th century developers and urban 
planning officials.  Because the consumption of energy by buildings - largely due to the 
proliferation of mechanical air cooling and the rise of plug loads from increased use of electronic 
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devices such as computers in buildings -  energy consumption of the built environment is now a 
problem cities must address.  As explained in the Summary Correlation Matrix (table 2), energy 
consumption of buildings has a strong positive correlation with the building use.  This thesis 
therefore argues that zoning is an effective tool to use in reducing secondary heat in cities.  
 




Source: original work of author 
 
Based on known heat consumption trends, the co-location of certain land use types could be 
awarded, or mandated, within municipal zoning code.  These changes could be instituted in 
phases, mandating that all new development abide by Energy Ecology Zoning and any change in 
tenancy in a building would merit adherence to the new regulation.  Within Energy Ecology 
Zoning there is possibility for direct transfer of heat from one high intensity heat user to another 
low intensity heat user. A key aspect of zoning for an Energy Ecology is the decentralization of 
high intensity heat use buildings, such as manufacturing industries, hospitals and data centers, 
sprinkled into neighborhoods near low intensity heat use buildings such as residential and office 
buildings.  Buildings that demand large quantities of high grade heat on a constant basis will 
serve as neighborhood hearths of secondary heat, for surrounding buildings with lower intensity 
and lower quantities of heat demanded.  Figures 4 and 5 illustrate solutions that can be instituted 
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Source: original work of author 
 




Source: original work of author 
 
Another important aspect to secondary heat reuse is the ability to store heat for later 
consumption.  In temperature climates the greatest amounts of waste heat are produced in 
summer months, when the solar radiation from the sun warms the air and the surfaces in the city 
- causing buildings to consume more energy in order to produce more cooling to mitigate the 
summer heat.  Production of cooling generates waste heat that is traditionally released through a 
cooling tower or the compressor of an air conditioning unit attached to the building. A heat sink 
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allows this waste heat to be captured and stored for either another time of day, or another season, 
in which the heat is needed. If neighborhood blocks could be reconfigured to allow shared 
storage of heat in the earth, there would be less loss through transmission of this low grade heat 
and less dependence on the municipal utility grid for future supply of heat.  
 
Figure 7: Reconfigure the street grid to create an open area used as a heat sink 
 
 
Source: original work of author 
 
Construction Code 
Distribution networks for low grade secondary would be necessary for the reuse of neighborhood 
waste heat.  In neighborhoods with existing steam distribution pipes, these pipes would simply 
be modified to be used with waste heat.  Another important change for utilization of secondary 
heat is installation of building level substations to control the intake or release of heat into the 
building mechanical system.  Mandated substation installation would allow a directed flow of 
heat from one building to another, using existing and new low grade heat distribution pipes.   
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Figure 8: Building low grade heat connection and metering substation mandated by building     
     code 
 
Source: original work of author 
  
There are a growing number of examples of this symbiotic relations in progressive cities around 
the world.  As mentioned in the Literature Review chapter of this thesis, pilot projects such as 
the SolaRoad in Amsterdam and the world's first carbon negative data center in Stockholm 
which directly transfers it's waste heat to nearby homes for domestic space heating, are being 
explored in select, progressive, cities around the world (NOASR 2014 and Fast Company 2015).   
Individual firms are also breaking into this market. Dext Heat Recovery, a private consulting 
firm in New York City recently published an article about the potential for taking the wasted heat 
in restaurant stovetops and refrigeration units, which is traditionally vented out of the restaurant 
into the open city air, and redirecting this heat to heat water that can be used by other tenants in 
the building.  At a larger scale, in London, there is widespread discussion of  harvesting heat 
from the subway Tube and transferring it to nearby homes for re-use (London Homes to be Kept 
Toasty with Tube-harvested Heat, 2014).  These conversations in London are a direct result of 
the extensive study on secondary heat sources conducted by the City of London and Buro 
Happold engineering between 2011 and 2013 (London's Zero Carbon Energy Resource, 
Secondary Heat 2013).   These solutions are innovative in the sense that they require creativity 
and disruption of the traditional development model in cities, but changing how we design our 
neighborhoods for thermal efficiency is not out of the realm of possibility for cities.  
 
Policy Implications 
The most obvious impact of secondary heat reuse is a reduction in energy consumption. If urban 
areas can be redesigned to take advantage of opportunities for consumption of secondary and 
even tertiary heat, demand for energy and associated carbon emissions from resource extraction, 
energy production and energy distribution, could be reduced.  Current discussions around 
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creating low-carbon cities focus on conservation of energy by the end user, production of energy 
using clean technology and fuels and efficiency of equipment. These measures are important but 
they are achieved mostly through long term structural and cultural change.  Changing human 
habit and perceived needs of consumption is a generational change, if at all.  Replacing 
inefficient equipment and carbon intensive fuel sources is a phased change, most often made 
when a piece of technology or equipment reaches the end of its lifecycle, and needs to be 
replaced.  The thesis argues that we can choose to design differently by focusing on use of 
spaces and organization of neighborhoods, and that these passive changes could aid in 
creating low-carbon cities.  A low-carbon city has benefits to all ecosystems, including human 
society. Decreased consumption of fossil fuels means that fewer pollutants are released into our 
air and water from extraction and a reduction in greenhouse gas emissions helps preserve the 
earth's ozone layer - which protects our planet from being obliterated by heat from the sun.  
Although these macro level benefits are seldom noted in the daily lives of urban residents, they 
should be valued highly when making decisions that guide municipal growth.  
 
At the urban scale, if secondary heat were captured and used to meet heating demand of 
buildings, the daily life of residents and building users would be impacted financially, physically 
and aesthetically. A positive financial impact of secondary heat capture for residents is the 
reduction in energy consumption from grid sources. This reduction in energy consumption would 
save households and tenants money on utility bills. If captured, secondary heat could be stored 
and used during peak demand charge periods30 generating exponentially higher savings for 
building tenants. Rezoning to create energy synergies among building use would result in co-
location of buildings that demand high intensity heat - such as data centers or hospitals - next to 
buildings that demand low quantities of heat, irregularly - such as single or multi-family homes.  
This would require residents to adapt to industrial noises, transportation patterns and the visual 
presence of other productive uses of space, in spaces traditionally zoned for single use. In the last 
15 years, 27% of the land in New York City has been rezoned for mixed use. Most of this mixed 
use relates to commercial overlays in residential neighborhoods, but in it is not unimaginable that 
both urban planners and residents could support the distribution of buildings with high energy 
demand into existing neighborhoods.  A physical benefit of disseminating energy intensive land 
uses is the possibility for residents to live near work. This could improve quality of life by 
reducing traffic congestion and fostering additional community connections.  
 
Changes of this magnitude demand significant policy change and political intervention.  In fact, 
perhaps more importantly than the design solutions presented, the viability of secondary heat 
reuse is dependent on political interest and is inextricably linked to the cost of source energy. In 
the book Next Generation Infrastructure,  Hillary Brown and David W. Orr acknowledge the 
fundamental role of policy in re-designing more holistic urban infrastructure services.  Orr 
writes, "Although we possess the scientific and technological know-how to move forward, we 
are critically lacking a policy and implementation framework to support such efforts" (p 3) and 
goes on to explain that "we must be as creative about financing new infrastructure as we are 
about designing it" (p xiii).  The author believes that relaxing existing zoning code, providing tax 
                                                            
30 Demand charge is when a utility disproportionately charges high energy costs in order to finance the capacity to 
produce energy during peak demand periods.  Demand charge is determined using the maximum demand occurring 
during the monthly billing period (Arista 2014). 
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incentives and zoning allowances and altering New York City building code could be used as 
strategies to support design construction and existing renovation with waste heat in mind.  
 
Traditional land use zoning was developed with an aim to protect residents from the nuisances of 
industry and commerce (Ferraldo 2012).  In additional to these Euclidean zoning designations, a 
series of performance standards that limit noise, vibration and pollution are used to regulate the 
proximity between industries of production and places of residence.  The thesis proposes that 
land use zoning designations and performance standards be revised to promote distribution of 
energy intense land uses in all neighborhoods, decentralizing the concentration of manufacturing 
and industrial land uses from secluded industrial regions to buildings woven into a neighborhood 
fabric.  Easing traditional zoning regulation to promote a newly realized value, energy 
conservation, would not be a jarring change in New York City. A recent report titled Creating 
the Communities You Want: Municipal Options for Land Use Control describes seven existing 
zoning conventions used by municipalities to address issues of community change and growth 
management (New York State Department of State 2014).  These conventions include Special 
District Permits, Incentive Zoning, Overlay Zoning, Performance Zoning, Floating Zoning, 
Planned Unit Development (PUD) and Transfer of Development Rights (TRD) (p 3). These tools 
are increasingly used to amend the 1961 zoning code in the case that zoning code conflicts with 
development values.  The thesis proposes to add a zoning allowed called Energy Independence 
Overlay that would allow high heat intensity uses such as food producers, chemical waste 
manufacturers, medical incinerators and electrical grid infrastructure to be co-located near 
buildings with low temperature energy demand such as offices or residential buildings in any 
New York City neighborhood while providing tax breaks to for relocation of these types of uses.  
Additionally, increase in zoning height allowances can be used as an incentive to buildings that 
are both willing to capture high quantities of solar radiation on facades and rooftops and redirect 
this heat into a secondary heat distribution grid for neighborhood consumption.  
New York City Construction Codes consist of the General Administrative Provisions, Building 
Code, Plumbing Code, Mechanical Code, and Fuel Gas Code.  In 2011 New York City 
administered the Energy Conservation Code (NYCECC) regulating energy consumption in New 
York City buildings.  Because New York City has already put in place the mechanisms to 
regulate building energy consumption - independent of the standards set by the Energy 
Conservation Construction Code of New York State (ECCCNYS) it would be possible for New 
York City to mandate integration of heat recovery from mechanical systems into building design.   
 
Lastly, similar to the way that additional floor area is awarded to New York City buildings that 
provide grocery stores with fresh produce (FRESH) or privately owned public plaza's, 
developments that offer seasonal or diurnal heat sink opportunities such as geothermal storage, 
water source heating and cooling, or salt bed storage could receive bonus allowances in Floor 
Area Ratio (FAR). These heat sinks could be rented or shared amongst district heat storage 
networks.  Eventually the city could offer incubator grants - similar to those offered under the 
New York State Incubator and Innovation Spot Program - to building owners and firms who 
innovate in areas of secondary heat capture and storage.  
 
Challenges and Future Research 
A system of waste heat collection and reuse will undoubtedly have high capital costs, some 
operations costs and low profits generated over a long period of time, and financing this system 
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will be one of its greatest challenges. Even if New York City Construction Code is altered to 
mandate secondary heat recovery and connection to existing low grade heat distribution 
networks, existing buildings, especially older, legacy buildings, must be incentivized to retrofit 
buildings for secondary heat collection.  There will be principal costs to upgrade mechanical 
infrastructure and install heat pumps or other heat conversion technology, operational costs to 
maintain heat distribution networks and costs associated with acquiring finances for retrofit.  
 
One financial model for implementation is a "Build-Operate-Transfer" model where a utility 
company pays for the retrofit under a five year operations contract. For five years, the building is 
required to sell their waste heat only to the utility company at a reduced price. Once the cost of 
retrofit has been repaid, plus an additional agreed upon profit, the ownership of the retrofit 
equipment is transferred to the building and the building owner then receives improved revenues 
when selling the waste heat to the utility firm. The building owner can also choose to sell waste 
heat to neighboring buildings, avoiding the involvement of Con Edison, or to use this waste heat 
in house at a later time.  When the lifespan of the retrofit infrastructure is complete, the city can 
offer grants for repair and replacement, allowing the building owner to maintain full ownership 
over this equipment. 
 
Another significant challenge lies in the operation and efficiency of existing waste heat 
collection technology. Recovery and redistribution of secondary heat would ultimately rely on 
the existing electricity grid for operation, linking the cost of secondary heat to the cost of 
electricity from the grid.  In the majority of cases, re-use of secondary heat requires use of heat 
pumps to raise the temperature of low grade heat to at least 70 degrees Celsius for end use. These 
heat pumps need electricity for operation and would most likely get this electricity from the 
utility grid.  Furthermore, efficiencies of existing heat exchange technologies are low. Currently, 
heat exchange tools such as heat pumps and econimizers can recover on average 58% of building 
system waste heat.  Of course these technologies will become more efficient over time; ten years 
ago this figure was at 32% and municipal regulation over capture and reuse of secondary heat 
may help accelerate the rate at which improvements in efficiency occur. However, there will be a 
gap between employment of policy and technology advancement to meet newfound demands.  
Successful secondary heat reuse will require advancement in the field of Building Management 
Systems (BMS) in order to automate decisions on immediate reuse of secondary heat within a 
building or neighboring set of buildings, the need for diurnal or seasonal storage of heat, and 
temperature of supplementary heat from heat pumps depending on grade of secondary heat and 
desired end use. As Building Information Management Systems become more intelligent and 
universal, programming the management of secondary heat reuse will be more affordable and 
realistic.  
 
Lastly, as planners, we are concerned about equity. Currently the green building industry is 
market driven. Until 2011, even basic achievements in energy efficiency in New York City were 
an aspiration of building owners who could afford the long term investment.  The impact of 
energy consumption values driven by the private sector can be seen in the fact that 73% of all 
LEED buildings are owned by Fortune 500 companies and the quartile of buildings with the 
highest Energy Use Intensity reported under Local Law 84 are publically owned multi-family 
residential elevator buildings - otherwise known as NYCHA properties.  These statistics are 
perverse because it is the lowest income residents of the city who will benefit most from savings 
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in utility bills due to secondary heat use.  The 2014 Benchmark Report for Local Law 84 
recommends educating real estate professionals such as Brokers and Appraisers on the inherent 
economic value in energy efficiency in decisions around purchasing, renting and managing 
properties. The city is instituting a program to provide free training and education to the real 
estate sector. While this is laudable, should not the City of New York instead be subsidizing the 
installation of heat recovery units, heat pumps and low grade heat storage technologies in places 
where market forces do not generate a profit - low income rental units , both publically and 
privately owned?  
 
Although the Greater Greener Buildings Plan and Local Law 84 are a tremendous step forward 
in collecting data on the relationship between building characteristics and energy performance, 
one of the primary challenges in designing a cities for energy ecology is the lack of empirical 
data demonstrating the relationship between building characteristic and energy performance.  
Local Law 84 is new, and we currently only have two years of data representing less than half of 
New York City's building stock. This data is self reported, and often erroneous. New York City 
is the only city in the United States that collects building energy use data by tax lot and who 
makes this data publically available to individuals and institutions.  The United States can will 
not be a leader in energy innovation until our municipalities fully understand and can analyze the 
impacts of energy in urban environments. Cataloging with scientific rigor, how changes in 
building form, use and location, impact energy consumption is the most pressing area for future 
research.  More rigorous performance assessments of potential energy efficiency measures could 
support better decision-making among building owners and managers, government agencies, 
energy efficiency program administrators, and financial institutions.  
 
For rollout of a secondary heat use program, more research into how medium and long term 
development plans could be incrementally altered to include provision of low temperature heat 
distribution networks is necessary. This will likely be achieved through retrofit of existing water 
and steam utility lines but it mandates a careful coordination and integrated planning between 
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APPENDIX  A.  Urban Heat Island Effect 
Urban Heat Island (UHI) phenomenon occurs when the built environment changes the 
characteristics of the earth's natural surface, altering ambient temperature unintentionally (Voogt 
2004).   Drivers of UHI include the nature of the surface cover of land, the degree of 
imperviousness of surface cover of the land, and the amount of heat emitted from anthropogenic 
process in urban areas.  Increased heat temperatures cause exponential increases in emissions of 
sulfur dioxide, carbon monoxide, nitrous oxides and suspended particulates, in addition to carbon 
dioxide, a primary contributor to global warming and climate change.  Finally, UHI accelerates 
the formation of harmful smog as ozone depleting gases such as nitrous oxides (NOx) and 
volitile organic compounds (VOC's) photo-chemically react, producing ground level ozone (SOS 
1995).  These effects compromise human health in terms of respiratory difficulties, heat cramps, 
non-fatal heat stroke and heat-related mortality. There are further environmental impacts due to 
impaired water quality from an increase in the quantity of storm water run-off and rise in run-off 
water temperature, which adversely impacts the metabolism and reproduction of aquatic species 
(U.S. EPA 2014).  The adverse impacts of UHI are compounded by a positive feedback loop – 
widely used energy-intensive mechanical cooling generates more heat which stimulates more use 
of mechanical cooling further worsening UHI.  Given the cost of the electrical cooling in New 
York City at $0.22 per kilowatt hour (EIA Electrical Power Monthly 2015), the Urban Heat 
Island effect also has adverse economic affects.  
 
Urban Heat Island phenomenon can be estimated using thermal sensors attached to satellites. The 
National Aeronautics and Space Administration (NASA) mounts radiomaters on the Landsat 7 
satellite to acquire Color Infrared Radiation (CIR) images of the Earth's land surface, from which 
surface temperatures can be derived.  In addition to direct satellite temperature readings of the 
earth's surface, the evapotransporation rate of surface covers, such as trees and other foliage, 
impacts future heat levels in urban areas.  Living plants transfer water from the soil and other 
surfaces, to the atmosphere through transpiration, ultimately adding coolth - or removing heat - 
from the urban air. Lastly, surface measurements taken by remote sensing cannot fully capture 
radiant emissions from vertical surface, such as a buildings wall, leading to underestimated 
values (International Journal of Climatology 2011).   
 
For these, and many other reasons, ambient heat in urban areas is difficult to estimate. Few 
buildings quantify their excess heat produced through mechanical process, and there have been 
no published reports on secondary heat values in New York City.  We do see efforts of buildings 
reusing secondary heat on a case-by-case basis (see Conclusion chapter) but few cities have tried 
to quantify available secondary heat, systematically addressing the issue of urban waste heat.  
The single exception found in this research was the city of London.  A joint study by the City of 
London and Buro Happold engineering in 2011, catalogued potential secondary heat sources in 
the London metropolitan area and estimated the waste heat off-take temperature from each 
source.   Because both London and New York City are located in the temperate climate zone, 
situated only 11 degree apart in latitude and because these metropolitan areas also have 
comparable levels of infrastructure and industry development, this thesis will use the off-take 
values estimated by the city of London as a proxy for heat values that could be found in New 
York City.  
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APPENDIX  B.  Solar Radiation 
 
Available solar incidence is most often calculated on a building-by-building case. This is most 
often done in order to estimate the potential for active or passive solar collection, and sometimes 
done as part of a commissioning process to size mechanical systems.  Solar incident calculations, 
often referred to as radiance estimates must consider the absorption of both direct and diffuse 
solar radiation for millions of points equally distributed across a specified surface at a given 
latitude, for all times of day.  This analysis is traditionally done using three-dimensional 
modeling with advanced lighting and rendering capacity.  Radiance analysis for large clusters of 
buildings is challenging using even the most advanced computer processing, and is thus, seldom 
used (Jakubiec and Reinhard 2012).  A faster, but much less accurate, way to estimate access to 
incident solar radiation for large areas is to create a Digital Surface Model (DSM) and use the 
ESRI ArcMap version 9.2 Solar Radiation tool to estimate solar incident radiation, the is energy 
in the form of radiation that falls upon or strikes a surface, over a given time period.  Digital 
surface models are created by draping a single surface over elevation points, reducing resolution 
of angles between adjacent surfaces which distorts the angle of incident solar radiation hitting an 
urban surface, either over- or under-estimating true solar incident angles. This method is less 
accurate because it does not consider surface properties such as the surface albedo (the fraction 
of solar energy reflected from the Earth back into space), surface material conductivity, 
reflectance or thermal emittance (the ratio of the radiant heat emitted to that of the standard black 
body).  These properties are determined by the type, color and texture of a surface material. 
Table 7 below lists Surface Absorption Factors for different surface types used to estimate an 
objects thermal emittance.  
 







Grey to dark grey  0.40 - 0.50
Green, red and brown  0.50 - 0.70
Dark brown to blue  0.70 - 0.80
Dark blue to black  0.80 - 0.90
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APPENDIX  C.  Detailed Description of Data Used in Mining Urban Heat Thesis 
Detailed Description of Data Sources 
Energy Consumption Data 
In 2009, Former Mayor Michael R. Bloomberg signed the Greener, Greater Buildings Plan, a 
legislation package that enacted a set of energy efficiency requirements for existing buildings in 
New York City. Local Law 84 requires facility owners of public buildings over 10,000 square 
feet and private buildings over 50,000 square feet to benchmark their energy use each year. New 
York City is the first city in the United States to publically disclose data for large multifamily 
buildings. Benchmarking measures the total electricity, natural gas, district steam and heating 
fuel oil consumed in a building. The law uses the U.S. Environmental Protection Agency’s 
(EPA) Energy Star Portfolio Manager tool for reporting and analysis, and reported data is 
publically available by tax lot number. This thesis uses Energy Data Disclosure for Local Law 84 
collected in 2012 and published on September 25, 2013. This study will estimate secondary heat 
values using building site Energy Use Intensity (EUI) as reported by the New York City 
Department of Administration, Local Law 84.  Energy Use Intensity measures a buildings energy 
use normalized by building floor area.  Energy Use Intensity (EUI) is calculated by dividing the 
total energy consumed by a building in one year, by the gross floor area of the building. Energy 
Use Intensity is measured in thousands of British Thermal Units per square foot.   
 
Source: Local Law 84, New York City 
http://www.nyc.gov/html/gbee/html/plan/ll84_scores.shtml, Accessed December 27, 2014. 
 
Building Tax Lot and Attribute Data 
The Property Land Use Tax Lot Output (PLUTO) dataset is a detailed tract of every property 
parcel in the five boroughs of New York City. The file contains over 70 attributes of buildings in 
New York City, which the city of New York uses for daily operations and planning. Until July 
2013, this data was privately held by the city, and was only released, available for download free 
of charge, due to public pressure by residents and advocacy groups.  
 
Source: New York City Primary Land Use Tax Lot Output (PLUTO) data, December 2014, 14v2 
https://data.cityofnewyork.us/City-Government/Primary-Land-Use-Tax-Lot-Output-PLUTO-
/xuk2-nczf.  Accessed January 10, 2015. 
 
Digital Elevation Points for Building and Street Topography in New York City 
LiDAR remote satellites emit timed pulses of light which reflect off surfaces in the urban 
environment. As each pulse of light reflects off of a surface, GPS data is captures, creating x, y 
and z coordinates. The cloud of data points creates elevation topography and registers surface 
reflection intensity, making it possible to calculate access solar radiation across a landscape.   
 
Source: LiDAR digital elevation points, New York City, New York City Department of City 
Planning, collected and processed by the Sanborn Map Company, April 2010 
http://www.nyc.gov/html/sirr/downloads/pdf/360497NY-New-York-City.pdf.  Accessed 
February 10, 2015. 
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Typical Meteorological Year New York City Weather Data 
The TMY3s are data sets of hourly values of solar radiation and meteorological elements for a 1-
year period. Their intended use is for computer simulations of solar energy conversion systems 
and building systems to facilitate performance comparisons of different system types, 
configurations, and locations in the United States and its territories. Because they represent 
typical rather than extreme conditions, they are not suited for designing systems to meet the 
worst-case conditions occurring at a location (Wilcox and Marion 2008). 
 
Source: U.S Department of Energy, Energy Efficiency and Renewable Energy (EERE), 
EnergyPlus Energy Simulation Software, weather data.  New York City-LaGuardia Airport 
725030 (TMY3).   
http://apps1.eere.energy.gov/buildings/energyplus/cfm/weather_data3.cfm/region=4_north_and_
central_america_wmo_region_4/country=1_usa/cname=USA#NY. Accessed October 03, 2014. 
 
Typical Energy Consumption by End-use 
The Commercial Buildings Energy Consumption Survey (CBECS) is a national sample survey 
performed by the federal Energy Information Administration (EIA) every four years. The survey 
collects information on the U.S. stock of commercial buildings, their energy related building 
characteristics, and their energy consumption and expenditures. The CBECS defines commercial 
buildings as buildings in which at least half of its floor space is used for purposes other than 
residential, industrial, or agriculture. Therefore, this survey includes buildings that are not 
typically thought of as commercial buildings, such as schools, prisons, and buildings for 
religious worship. 
 
Source: Commercial Building Energy Consumption Survey (CBECS) and Residential Building 
Energy Consumption (RECS), U.S. Energy Information Administration (EIA) 
http://www.eia.gov/ consumption/commercial/ and  http://www.eia.gov/ 
consumption/residential/.  Accessed March 12, 2015.  
 
National Energy Consumption Baseline Values 
In 1975 the American Society of Heating, Refrigerating, and Air-Conditioning Engineers 
(ASHRAE) developed the ASHRAE Standard 90.1., a standard that provides minimum energy-
efficient requirements for the design and construction of new buildings and building systems. 
ASHRAE Standard 90.1 has been widely adopted as building code throughout many regions in 
the U.S. including New York States, and applies to all buildings expect residential units with less 
than four habitable floors. The provisions of ASHRAE 90.1 apply to envelopes of buildings, 
HVAC equipment, service water heating equipment, power and lighting. ASHRAE Standard 
90.1 is revised and published every three years.  These minimum energy-efficient requirements 
are used as baseline requirements for many green building programs including  the U.S. Green 
Building Council’s (USGBC) Leadership in Energy and Environmental Design (LEED).  
ASHRAE added Appendix G with the 2004 update to Standard 90.1 to provide energy efficient 
goals for buildings that wished to be designed significantly better than the code minimum.  
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Source: American Society of Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE) 
Standard Benchmark Energy Utilization Index. http://cms.ashrae.biz/EUI/.  Accessed February 
10, 2015. 
 
Integrity of data origin and data attributes 
 
Before discussing data analysis, issues around the origin and attributes of data from Local Law 
84 (LL84), the U.S. Energy Information Administration (EIA), LiDAR satellite data collection 
and weather data files must be acknowledged. 
 
Local Law 84 is one of two primary datasets used to answer the thesis question, how much 
excess heat is available within our urban environment? It is important to note that New York 
City has only been collecting building energy consumption data since 2011 when Local Law 84 
(LL84) was adopted, and that this data is self reported.  Building owners are required by LL84 
under the 2009 Greener Greater Buildings Plan (GGBP) to measure and report building energy 
and water consumption using the U.S. Environmental Protection Agency's (EPA) online 
benchmarking tool, Portfolio Manager. A list of buildings that are required to submit data under 
LL84 is published bi-annually and there is a $500 fine for buildings who fail to submit before the 
01 May deadline.  Submitted data requires coordination with Con Edison and the New York City 
Department of Sanitation to obtain notarized building consumption records. Often further 
technical analysis is required by building managers before compliance data can be uploaded to 
the Portfolio Manager website. LL84 compliance can be time consuming and requires technical 
skills that many building owners do not have. Beyond the $500 fine for late submission there is 
no further penalty for buildings who fail to submit data and currently only 40% of New York 
City's reports energy consumption data under LL84. Because submitted data is self-reported, 
there is a high rate of erroneous submission. The Greener Greater Buildings Plan under the office 
of Long Term Planning does offer outreach in the form of a telephone helpline, site visits and 
online resources, for buildings owners and property managers seeking assistance in meeting 
benchmarking requirements (LL84 website). There have only been three years of data collection 
under Local Law 84 and the most recent data from the year 2013 is not yet available for public 
access.  Data collected for the calendar year of 2011 included results for 7,900 buildings with an 
estimated percent error of 14 (Benchmarking Report 2012).  Data collected for the calendar year 
of 2012 includes results for 17,890 buildings with an estimated percent reporting error of 12.4 
(Benchmarking Report 2013).  Given the technical skills involved in accurately collecting and 
reporting energy consumption data by buildings and the lack of incentive for accurate reporting, 
it is very easy to understand that LL84 compliance may not be a priority for all building owners.  
In some cases, asking building owners to invest such high amounts of time and money into the 
benchmarking process without immediate benefits for the building owner, may be seen as 
unreasonable from the perspective of the building owner.  
 
The U.S. Energy Information Administration conducts bi-annual energy consumption surveys in 
residential, commercial and industrial buildings across the United States. The agency is well 
resourced, with an annual $117 million dollar budget in 2014 and 370 Federal employees.  In 
2014 25,000 buildings were surveyed about their energy consumption by end use, and source of 
energy by the U.S. EIA.  Analysis from these surveys is published in the Annual Energy Outlook 
report but all building consumption data is anonymous. Results are publicized as average 
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consumption data by region, building type, year of construction and floor area.  This data does 
not give us resolution into the energy consumption habits by end use for buildings in New York 
City - which undoubtedly differs from national and even regional averages due to a myriad of 
local factors not least of which is the density of the urban environment. U.S. EIA Energy 
Consumption Survey data does indicate trends in consumption patterns over time. For example, 
these surveys which have been conducted since 1977, clearly show a growth in energy use of 
plug loads in commercial and residential buildings over the last ten years.  It also shows a 
reduction in energy used for industrial process and heating of large buildings since 1980, most 
likely due to improvements in efficiency of mechanical equipment.  These topical lessons are 
useful in understanding basic habits, and in identifying areas of opportunity in reusing excess 
heat. The data does not tell us how New York City buildings may vary from National energy 
consumption trends.  
 
With respect to data used in the solar radiation analysis of this study, there are two important 
inaccuracies to acknowledge.  The digital surface model (DSM) used to calculate quantities of 
incident solar radiation hitting building and ground surfaces is created using a point cloud with a 
reference density of 20 points per square meter.  This is an extremely accurate survey of object 
location and height in New York City.  Unfortunately when processing this data in ESRI 
ArcMap into surface topography, the information is downgraded, losing some of its initial 
resolution. As a result, the surface topography created has less precise angles than the real 
buildings, sidewalks and infrastructures in our the city. Secondly, the data which sets the 
parameters for the solar radiation analysis is published by the National Oceanic and Atmospheric 
Administration (NOAA) in the form of a Typical Meteorological Year EnergyPlus Weather File 
(TMY EPW).  These weather data files are historical records of temperature, cloud cover, 
precipitation, humidity and wind speed and direction.  What is seldom acknowledged and not 
accounted for is that weather conditions of the past are changing in the present, and will continue 
to do so in the future.  Therefore, the solar radiation calculations run by the ESRI ArcMap Solar 
Radiation Analysis tool tell us how much direct and diffuse solar radiation struck the surface of 
New York Cities buildings in previous years, not today, and certainly they don't indicate what 
these values would like tomorrow.  Predictive weather data modeling is seldom used in building 
systems analysis - despite the fact that buildings last long into the future.  
 
In summary, the data in this thesis gives us an idea of what spaces in New York City have access 
to high levels of heat, relative to other spaces in New York City.  It tells us values of heat 
availability by building in New York City but these values lack quality control and confidence 
due to their infancy in collection and use within the industry.  The data also does not give an 
indication of the portion of heat value which can be practically re-appropriated for other use 
because the age and coefficient of performance (COP) of mechanical equipment in buildings is 
not documented, leaving us estimate the percent of heat wasted based on national studies with 
small sample sizes that likely differ from New York Cities reality. Basically, the analysis in this 
thesis is a litmus test measuring the scale of possibility for secondary heat reuse in New York 
City and arguing why it is worth trying.  
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APPENDIX  D.  New York City Primary Land Use Tax Lot Output (PLUTO) database 




New York City Department of City 
Planning (DCP) Land Use Category 
New York City Department of City Planning (DCP) 
Building Classes 
1 
One & Two Family Buildings A*,B*,Z0
2 
Multi-Family Walk-Up Buildings C0,C1,C2,C3,C4,C5,C6,C8,C9,R1,R2,R3,R6
3 
Multi-Family Elevator Buildings D0,D1,D2,D3,D4,D5,D8,D9,H6,H7,R4,RD
4 
Mixed Residential & Commercial Buildings C7,D6,D7,K4,R8,R9, RM ,RR ,RX, RZ,S*
5 
Commercial & Office Buildings G8,H1,H2,H3,H4,H5,H9,HB,HH,HR,HS,J*,K1,K2,K3,
K5,K6,K7,K8,K9,O*,P1,R5,R7,RB,RC, RH, RI, RK, RS 
6 
Industrial & Manufacturing Buildings E*,F*,L*,RW
7 
Transportation & Utility  G3,G4,G5,G9,T*,U*,Y6,Y7,Y8,Y9 
8 
Public Facilities & Institutions H8,I*,M*,N*,P2,P3,P5,P7,P8,P9,RA,W*,Y1,Y2, 
Y3,Y4,Z1,Z3,Z4,Z5 
9 





Source: New York City, Department of City Planning. “Pluto Data Dictionary.” New York City Department of City 
Planning (DCP), December 2014. pp D-1.  
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Mixed City and Private 
O  03 








 Sources: New York City, Department of City Planning. “New York City, MapPLUTO 14V2” New York City 
Department of City Planning (DCP), BYTES of the BIG APPLE. Publication date December 30 2014, edition 14v2, 
and  Energy Star, Portfolio Manager. “U.S. Energy Use Intensity by Property Type, Technical Reference,” 
September 2014.   
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Table 10. Lot Type Code for New York City 
 










Assemblage a tax lot that encompasses an entire block 
02 
Water front a tax lot bordering on a body of water. Waterfront lots may 
contain a small amount of submerged land. 
03 
Corner 
a tax lot bordering on two intersecting streets 
04 
Through 
a tax lot which connects two streets and fronts on both streets. 
05 
Inside A tax lot which is not an assemblage, waterfront, corner, through, 
interior, island, alley or submerged lot. 
06 
Interior Lot 
A tax lot that has no street frontage. 
07 
Island Lot 
A tax lot that is entirely surrounded by water. 
08 
Alley Lot A tax lot that is too narrow to accommodate a building. The lot is 
usually 12 feet or less in width. 
09 
Submerged Land 
Lot A tax lot that is totally or almost completely submerged. 
  
 Sources: New York City, Department of City Planning. “New York City, MapPLUTO 14V2” New York City 
Department of City Planning (DCP), BYTES of the BIG APPLE. Publication date December 30 2014, edition 14v2, 
and  Energy Star, Portfolio Manager. “U.S. Energy Use Intensity by Property Type, Technical Reference,” 
September 2014. 
 




Description  Used in correlation 
matrix? 
ZoneDist1 
Zoning Resolution section number No 
Overlay1 
commercial overlay assigned to the tax lot No 
SPDist1 
special purpose district assigned to the tax lot No 
BldgClass 
major use of structures on the tax lot No 
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LandUse 
tax lot's land use category  Yes 
OwnerType 
type of ownership for the tax lot  Yes 
LotArea 
Total area of the tax lot, expressed in square feet rounded to the nearest integer. No 
BldgArea 
The total gross area in square feet  Yes 
ComArea 








An estimate of the exterior dimensions of the portion of the structure(s) allocated for office use.  No 
RetailArea 
An estimate of the exterior dimensions of the portion of the structure(s) allocated for retail use.  No 
GarageArea 
















The number of buildings on the tax lot Yes 
NumFloors 








location of the tax lot to another tax lot and/or the water. Yes 
YearBuilt 
The year construction of the building was completed. Yes 
YearAlter1 
If a building has only been altered once, YEAR ALTERED is the date of the alteration. No 
HistDist 




The name of an individual landmark, landmark site No 
BuiltFAR 
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Notes on study 
inclusion 
01  29.2%  One & Two Family Buildings  42 





03  5.5%  Multi-Family Elevator Buildings  78.8   
04  3.3% 
Mixed Residential & 
Commercial Buildings   NA 
Not available data 
under LL84 
05  4.3%  Commercial & Office Buildings  55.4   
06  3.7% 
Industrial & Manufacturing 
Buildings  90   
07  9.1%  Transportation & Utility   NA 
Not available data 
under LL84 
08  7.2%  Public Facilities & Institutions  163.5   
09  22.8% 
Open Space & Outdoor 
Recreation   NA 
Not available data 
under LL84 
10  1.4%  Parking Facilities   NA 
No available data 
under LL84 
11  5.0%  Vacant Land   NA 
No available data 
under LL84 
 Sources: New York City, Department of City Planning. “New York City, MapPLUTO 14V2” New York City 
Department of City Planning (DCP), BYTES of the BIG APPLE. Publication date December 30 2014, edition 14v2, 
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APPENDIX  E.  Correlation Matrix by Selected Building Attribute 
 
Correlation ranges between negative one and positive one, with negative one considered 
perfectly negative correlation and positive one considered perfect positive correlation. If the 
correlation is zero, the movement of the two factors is considered to have no relationship.  In this 
study a correlation of above +/- 0.025 is considered to be a high correlation.  In table 13 and 14, 
highly correlated values greater than + 0.025 are marked using dark gray while highly correlated 
values greater than - 0.025 are marked with light gray.   
Table 13: Summary correlation matrix of selected PLUTO building attributes and  building EUI 
 
 
Sources: NYC Office of Long Term Planning, Greener, Greater Buildings Plan, Site Energy Use Intensity (EUI) 
data from Local Law 84, 2012 and NYC Primary Land Use Tax Lot Output (PLUTO) data, December 2014, 14v2 
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APPENDIX  F.  Measures of Central Tendency by Land Use 
Table15: Measures of central tendency for land use types with highest building Energy Use    
    Intensity (EUI) 
 
Measures of Central 
Tendency 
Land Use Types with Highest Energy Use Intensity  
(British Thermal Units /square foot/year) 
[Land Use Code] 
Multi-Family 
 Walk-Up Buildings [2] 
Multi-Family  
Elevator Buildings [3] 
Public Facilities & 
Institutions [8] 
Mean 217.24 153.52 173.62 
Median 99.60 72.48 107.50 
Mode 84.70 9.60 149.40 
Range 7,746.40 64,977.75 12,463.58 
Minimum 0.10 0.05 0.02 
Maximum 7,746.50 64,977.80 12,463.60 
Count 6,701 6,041 727 
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Table 16: Measures of central tendency for land use types with lowest building Energy Use      




Land Use Types with Lowest Energy Use Intensity (EUI) 
(British Thermal Units /square foot/year) 
[Land Use Code] 
Mixed Residential  
& Commercial Buildings  
[4] 
Commercial  
& Office Buildings  
[5] 
Industrial  
& Manufacturing  
[6] 
Mean 91.50 73.56 51.21 
Median 71.30 39.55 25.90 
Mode 89.50 102.00 119.40 
Range 27,484.33 2,526.05 2,134.90 
Minimum 0.17 0.23 0.42 
Maximum 27,484.50 2,526.28 2,135.32 
Count 2,257 906 734 
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APPENDIX  G.  ESRI ArcMAP Solar Area Radiation tool input parameters 
Table 17: Input parameters for area solar radiation tool in ArcGIS  
 
Input Description Value 
DEM Input elevation parameters from surface raster layers. 2 meter-LiDAR 
Latitude Latitude of site area, units are in decimal degrees. (Automatic input from raster) 
Sky Size Resolution of the view shed, sky map and sun map, upward 




Specifies the time configuration period used for calculating solar radiation: within a day, 
multiple days, special days, or whole year. 
Whole year 2013 
Day Interval Time interval through the year (units: days) used for the 
calculation of sky sectors for the sun map. 
(monthly) 
Hour Interval Time interval through the year (units: hours) used for the 
calculation of sky sectors for the sun map. 
0.5 
Each Interval Specifies whether to calculate a single total insolation value for all locations or multiple 
values for the specified hour and day interval 
No interval 
Z Units Number of ground x,y units in one surface z unit. 1 
Slope Aspect 
Input Type 
How slope and aspect information are derived (either from DEM or Flat surface). From DEM 
Calculations 
Directions 
Number of azimuth directions used when calculating the 
view shed (multiples of 8, 32 is default). 
32 










Type of diffuse model- uniform sky, the incoming diffuse 
radiation is same from all directions OR standard overcast skystandard overcast diffuse 





The proportion of global normal radiation flux that is diffuse (0-1). 0.3 
Transmittivity Relates to cloud cover, fraction of radiation that passes through the atmosphere averaged 
over all wavelengths, values range from 0-1, 0 is no transmission and 1 is all transmission, .5 
for a generally clear sky. 
0.5 
   
Source: Descriptions from Esri 2013a Desktop Help  
 
